Serjania goniocarpa is a plant used in Mayan traditional medicine as a remedy for the treatment of cancer-like symptoms. Bio-guided fractionation of the methanol extract of the leaves led to the isolation of an and β-amyrin mixture, palmitic acid, phytol and the new sesterterpene goniocarpic acid whose structure was elucidated by IR, GC-MS, and NMR spectroscopic analyses. Goniocarpic acid exhibited cytotoxic and antiproliferative activity against several cancer cell lines.
According to the World Health Organization, cancer is one of the most important causes of death in the world causing 7.6 million deaths in 2008 [1] . In addition, drug resistance in cancer cells has been described; therefore, the discovery of new, more effective and selective antineoplastic agents is one of the most important challenges in this area [2, 3] . According to the Food and Drug Administration (FDA), 40-45% of all anticancer drugs approved from 1940 to 2006 corresponded to natural products or derived from them [4] . One of the most important sources for finding new anticancer drugs is the plant kingdom [5] .
The tribe Paullinieae belongs to the Sapindaceae family, it comprises seven genera and approximately 450 species. The genus Serjania is distributed from southwestern United States to South America [6] . Some chemical and biological studies have been made on this genus [7, 8, 9, 10] . As part of an investigation on plants used in Mayan traditional medicine to treat cancer-like symptoms (abscesses, calluses, corns, hard swellings, polyps, tumors, warts, or skin disorders) the methanol extract of leaves of Serjania goniocarpa Radlk., a species used for treating leg sores [11] , was subjected to an in vitro bioassay, exhibiting cytotoxic activity against a KB cancer cell line [12] . It is worth noting that S. goniocarpa has no phytochemical or biological studies previously done.
In view of the above, the aim of this work was to isolate, purify, and identify the cytotoxic constituents of the leaves of S. goniocarpa through its evaluation in five cancer cell lines: KB, Hep-2, HeLa, PC3, and MCF-7, and a normal cell line (Hek-293), using the SRB colorimetric method for cytotoxic and antiproliferative bioassays. We describe herein the bio-guided isolation and structure elucidation of a new sesterterpene from S. goniocarpa.
The active methanol extract of leaves of S. goniocarpa was fractionated by liquid-liquid chromatography, affording the hexane fraction which was submitted to bioassay-guided purification using a KB cell line, yielding phytol, an and β-amyrin mixture, palmitic acid, and the new sesterterpene goniocarpic acid. The and β-amyrin mixture, palmitic acid, and phytol were identified by GC-MS. Goniocarpic acid was obtained as colorless viscous oil. C-H absorption band (2957 cm −1 ), a carbonyl group (1694 cm −1 ), and an olefinic group (1642 cm −1 ). Inspection of the 1 H and 13 C NMR spectra together with an HSQC experiment revealed the presence of five methyl, nine methylene, and four methine signals in the structure; two methyl signals ( 0.80, d, J = 6.8 Hz and  0.83, d, J = 6.8 Hz), which were coupled to a proton at  2.75 (1H, sept), were assigned to an isopropyl group; three methyl signals somewhat shifted downfield at  1.48, 1.52, and 1.56 (H-15, H-24, and H-25) indicated these to be on olefinic carbons, which was also confirmed by HMBC correlations. The molecule has four olefinic protons indicated by signals at Sesterterpenoids have been isolated from fungi, lichens, plants, insects, and marine organisms [13] and have been described as potent cytotoxic agents [14, 15] . This is the first report on the phytochemistry and biological analysis of S. goniocarpa and the first report on the isolation of a sesterterpene in the Serjania genus. According to the cytotoxic bioassay, biological activity is due to goniocarpic acid and this should be considered as a potential anticancer agent and an excellent lead for further studies on its mechanism of action in cancer cells. The current study supports the ethnomedical use of S. goniocarpa as a remedy for the treatment of cancer-like symptoms.
Experimental
General: Purification by column chromatography (CC) was performed using silica gel 60 (0.040-0.063 mm, Merck, Darmstadt, Germany) and pre-coated silica gel plates (Merck, Kieselgel 60F 254 , 0.25 mm) for preparative thin-layer chromatography (prep. TLC). Gel permeation column chromatography was carried out using Sephadex LH-20 (Amersham Pharmacia Biotech AB, Sweden). Analytical TLC was performed on silica gel 60F 254 aluminum plates (E.M. Merck, 0.2 mm thickness). Detection of the components under UV/Vis light at 254 and 365 nm was performed on a Chromato-Vue® C-75 UV Viewing Cabinet. Visualization of components was carried out by using a solution of phosphomolybdic acid (20 g) and ceric sulfate (2.5 g) in 500 mL of sulfuric acid (5%), followed by heating. IR spectra were taken on KBr discs on a Nicolet Protégé 460 spectrophotometer. NMR experiments were recorded on a Bruker Avance 600 Ultra Shield spectrometer in acetone-d 6 . Gas chromatograms and low-resolution mass spectra were obtained on an Agilent Technologies GC-MS instrument (models 6890N and 5975B) using the following chromatographic conditions: split injection; 1 L sample at 1% concentration; Ultra 1 column (25 m × 0.2 mm i.d.); flow rate 1.0 mLmin −1 (helium as carrier gas); oven temperature program: T1 = 180 °C (3 min), T2 = 280 °C (15 min), gradient 10 °C/min; injector and detector (FID) temperature at 280 °C. High-resolution mass spectra were obtained on a JEOL GCMate mass spectrometer. All solvents of technical grade employed for chromatographic separations were distilled prior to use. The optical density of the developed plates was read with sulforhodamine B in a ThermoSpectronic spectrophotometer. 
Extraction and isolation:
The dried and ground leaves (3 Kg) of S. goniocarpa were extracted with methanol (MeOH, 15 L, 3) for 72 h at room temperature. The methanol extract was concentrated under reduced pressure resulting in 300 g of crude extract. An aliquot of the methanol extract (150 g) was suspended in a solution of MeOH-H 2 O 1:1 (1 L) and partitioned with n-hexane (2 L) to obtain the hexane fraction (30 g). The hexane fraction was subjected to an initial fractionation by vacuum liquid chromatography (VLC), eluting with n-hexane, n-hexane:acetone gradient mixtures, acetone, acetone:MeOH (1:1), and MeOH, obtaining 23 fractions, which were pooled in 10 major fractions (A1-A10) according to their TLC profile. These fractions were evaluated against the KB cell line. Fraction A2 (501.5 mg) was subjected to a CC using silica gel 60 with gradient mixtures of n-hexane:acetone (90:10→0:100), resulting in eight final fractions (B1-B8), which were evaluated against the KB cell line. The B6 fraction (133.6 mg) was passed through a column containing Sephadex LH-20, using n-hexane:CH 2 Cl 2 :MeOH (2:1:1) for elution, yielding 18 fractions (C1-C18). Fraction C14 (20.9 mg) was purified by prep. TLC [n-hexane:Et 2 O (4:6)] to yield phytol (2.6 mg) and goniocarpic acid (7.9 mg). A mixture of fractions A1 and A3 (1.3 g) was fractionated by CC using silica gel 60 and an n-hexane:acetone gradient system (90:10→0:100), resulting in eight final fractions (D1-D8). Fractions D3, D4, and D6 were purified by successive chromatographic columns. Fraction D3 yielded a mixture of and β-amyrin (2.1 mg), fraction D4 gave goniocarpic acid (13.5 mg), and from D6 palmitic acid (9.6 mg) was obtained.
